Summary There is high interest in the natural products properties due to their use in popular medicine. Agaricus blazei Murrill ss. Heinem. (Ab) is native to Brazil and has been widely disseminated because its medicinal properties. In the present study, the genotoxic and antigenotoxic potential of Ab extracts were investigated using the comet assay. The cells utilized were the non drug-metabolizing line CHO-k1 (Chinese hamster ovary) and the drug-metabolizing line HTC (rat hepatoma). Cells were treated for 3 h in the absence of fetal bovain serum (FBS) with methanolic, hexanic and n-butanolic extracts at 50 mg/ml and 0.75% aqueous extract to test for genotoxicity. Antigenotoxic effects of extracts were determined in cells exposed to the DNA damage inducing agent ethyl methanesulfonate under simultaneous or simultaneous with 1 h pre-incubation conditions. The extracts did not show genotoxicity in HTC, while they were genotoxic in CHO-k1. No antigenotoxic effect was observed with any extract under any condition. These results demonstrate that the metabolism in presence or in absence has a direct influence on the genotoxicity of these extracts.
.
Due to the large consumption of this basidiomycete in popular medicine, more data is needed regarding its mechanisms of action. Therefore, the aim of this study was to determine the genotoxicity and antigenotoxicity of organic (methanolic, hexanic and n-butanolic) and aqueous extracts of Agaricus blazei in cultured mammalian cells, where genetic damage was measured by the comet assay in the absence of drug metabolism (CHO-k1 Chinese hamster ovarian cells) and presence of drug metabolism (HTC rat hepatoma cells).
Materials and methods

Preparation of Ab extracts
The methanolic (ME), hexanic (HE) and n-butanolic (BE) extracts of Agaricus blazei Murrill ss. Heinem (Ab), strain 99/26, were kindly provided by Dr. Edson Rodrigues Filho of the Chemistry Department, Universidade Federal de São Carlos.
The mushroom fruiting body (896.90 g) was extracted with dichloromethane/hexane (50 : 50), dichloromethane (100), dichloromethane/methanol (50 : 50), methanol (100) and methanol/water (50 : 50). The hydroalcoholic extract obtained was first partitioned with dichloromethane, and the organic phase was concentrated and partitioned with methanol and hexane, yielding a hexane fraction (HF/7.02 g) and methanol fraction (MF/11.80 g). Subsequently, the hydroalcoholic extract was partitioned with ethyl acetate and n-butanol, respectively, yielding from the final partition an aqueous fraction (AF/55.00 g) and n-butanol fraction (BF/16.93 g). These were dissolved in DMSO (dimethyl sulfoxide, Mallinckrodt) at a concentration of 5 mg/ml. Aliquots were stored frozen until use time. The extracts final concentration in cultures was 50 mg/ml.
The aqueous extract (AE) was prepared by adding 20 g of powdered Ab (Culture CollectionDepartment of Crop Production, Botucatu Campus, UNESP, Exsiccata strain ABL 99/26; June 12, 2001, Augusto F. da Eira) to 200 ml of deionized water at 25°C. The mixture was shaken continuously for 2 h in the dark. It was then passed though a double layer of filter paper, followed by sterile filtration through a 0.22-mm cellulose acetate membrane. Aliquots of AE were kept frozen until time of use. The final concentration of AE in cultures was 0.75%.
DNA damage-inducing agent
DNA damage was induced with the direct-acting alkylating agent ethyl methanesulfonate (EMS, Acros). A stock solution was prepared in sterile phosphate buffered saline (PBS), Ca 2ϩ and Mg 2ϩ free, pH 7.4, and used at a final concentration of 155 mg/ml in cultures.
Cell lines and treatments
The Chinese hamster ovarian cell line CHO-k1 (wild-type) used in this study was provided by Dr. Catarina S. Takahashi of the Mutagenesis Laboratory in the Faculdade de Medicina de Ribeirão Preto, Universidade de São Paulo (USP). The rat hepatoma cell line (HTC) was acquired from the Rio de Janeiro Cell Bank. Cells were grown in DMEM/F-12 medium (Gibco) supplemented with 10% fetal bovine serum (FBS; Gibco). The cells were cultivated as monolayers in 25 cm 2 flasks in a BOD type incubator at 37°C. Under these conditions, the cell cycle time was approximately 12 h for CHO-k1 and 24 h for HTC.
The cells were grown for a complete cell cycle before treatments. The treatments performed were: a. untreated control; b. EMS (155 mg/ml); c. ME (50 mg/ml); d. HE (50 mg/ml), e. BE (50 mg/ml); f. AE (0.75%); g. ME pre-incubated with EMS (1 h); h. HE pre-incubated with EMS (1 h), k. ME combined with EMS; l. HE combined with EMS; m. BE combined with EMS; n. AE combined with EMS. Combined treatments were simultaneous for 3 h (Tice et al. 2000) , with and without 1 h pre-incubation with extract. Treatments were carried out in DMEM/F-12 medium (Gibco), in the absence of FBS. Each treatment was conducted in 3 separate experiments.
Single cell gel electrophoresis test-comet assay
The comet assay was performed according to the protocol of Tice et al. (2000) , wich is based on the original works of Singh et al. (1988) and Klaude et al. (1996) included modifications introduced by Speit and Hartmann (1999) .
After the treatment period, the cells were trypsinized, centrifuged and resuspended in culture medium. The cell suspension (20 ml) was mixed with 0.5% low-melting point (LMP) agarose (120 ml) at 37°C, and distributed on microscope slides, pre-gelatinized with 1.5% normal agarose. The slides were covered and kept at 4°C for 20 min. Afterward, the coverslips were removed and the slides were immersed in lysis solution [89.9 ml (2.5 M NaCl, 100 mM EDTA, 10 mM Tris, pH 10)ϩ1 ml Triton X-100ϩ10 ml DMSO] for 1 h at 4°C, protected from light. After lysis, the slides were placed in an electrophoresis chamber, immersed in buffer (300 mM NaOH plus 1 mM EDTA, prepared from a stock solution of 10 N NaOH-200 mM EDTA, pH 10.0), pH Ͼ13, at 4°C for 20 min to denature DNA.
Electrophoresis was at 4°C for 20 min, at 25 V and 300 mA (1.6 V/cm). Afterward, the slides were neutralized with buffer (0.4 M Tris-HCl) for 15 min (3-5 min washes), dried, fixed in 100% ethanol for 10 min, and stored until analysis.
Analysis of slides and statistical
On the day of analysis, slides were stained with 100 ml of 200 mg/ml ethidium bromide and coverslipped. The slides were analyzed with a fluorescence microscope at 40X, with a 420-490 nm excitation filter and a 520 nm emission filter. A total of 100 cells were examined (Kobayashi et al. 1995) per treatment for each repetition. DNA fragmentation was classified as follows: class 0, absence of tail; class 1, tail with length up to the diameter of the comet head; class 2, tail with length of up to 2 times the diameter of the head; class 3, long tail with a length more than 2 times the diameter of the head, (Fig. 1) (Kobayashi et al. 1995) . Apoptotic cells and necrotic cells were not evaluated (Tice et al. 2000) . Several investigators have concluded that based on the characteristic appearance of the comets, apoptotic cells can be readily distinguished from necrotic cells in the alkaline SCGE (Olive et al. 1993 , Fairbain et al. 1996 . Apoptotic cells were concluded to form comets with large fan-like tails and small heads (i.e. so-called hedgehogs), while necrotic cells were concluded to form comets with relatively large heads and narrow tails of varying lengths (i.e., comets indistinguishable from those resulting from genotoxic damage) (Tice et al. 2000) .
Statistical analysis of the data was performed with Student's t-test, wich is based on the individual culture response (Tice et al. 2000) . 
Results
Tables 1 and 2 present the data on the Ab extracts genotoxicity in CHO-k1 and HTC cells, respectively, as the number of cells found in each class of damage and the respective score for each treatment. Tables 3 and 4 show the antigenotoxicity data in CHO-k1 and HTC, respectively. The findings in Table 1 indicate that the extracts showed genotoxicity in CHO-k1 cells, while a genotoxic effect was not seen in HTC cells (Table 2) . Tables 3 and 4 show that there was no statistically significant difference between treatments with extracts and that with EMS, indicating that the methanolic, hexanic, n-butanolic and aqueous extracts had no antigenotoxic properties in both exposure conditions tested, simultaneous and simultaneous with pre-incubation, and in both CHO-k1 and HTC cells. 2 Agaricus blazei extracts (ME: methanol extract (50 mg/ml); HE: hexane extract (50 mg/ml); BE: n-butanol extract (50 mg/ml); AE: aqueous extract (0.75%).
3 Total cells with damage for each treatment, out of 300 cells examined; SD: standard deviation; Student's t-test (0.05ϾpϽ0.001), treatments followed by * differ statistically from control. Class and score: see in text. mutagenic or carcinogenic properties (Zeiger 2003) . Dashwood (2002) noted that components of the daily diet can show mutagenic as well as protective effects, since the type of effect observed depends on the test system used (Waters et al. 1990 ). Geographic, climatic and intra-species variations can interfere with biological response. Other factors, such as methods for the collection and storage of the mushrooms, can lead to the loss or degradation of the active compounds (Chang 1996) . 2 Agaricus blazei extracts (ME: methanol extract (50 mg/ml); HE: hexane extract (50 mg/ml); BE: n-butanol extract (50 mg/ml); AE: aqueous extract (0.75%)).
3 Total cells with damage for each treatment, our of 300 cells examined; SD: standard deviation; Student's t-test (0.05ϾpϽ0.001), treatments followed by * differ statistically from control. Menoli et al. (2001) demonstrated desmutagenic activity for an aqueous Ab extract using the comet assay, while a bio-antimutagenic effect was seen with Ab extracts according to the micronucleus test (Oliveira et al. 2002) and presence of chromosomal aberrations (Luiz et al. 2003a) . In the present study, we did not observe any antigenotoxic activity for Ab extracts using the comet assay in both CHO-k1 and HTC cells, as did Guterrez et al. (2004) for different aqueous Ab extracts in V79 cells. However, the presence of antigenotoxic potential for Ab should not be excluded, since other authors have seen a protective effect of aqueous Ab extracts using the comet assay (Menoli et al. 2001 , Oliveira et al. 2002 , micronucleus test (Guterrez et al. 2004 ) and test for chromosomal aberrations (Bellini et al. 2003) in vitro. The protective effect of aqueous Ab extracts was also demonstrated in vivo against clastogenic activity of cyclophosphamide (Delmanto et al. 2001) .
The genotoxic potential of different aqueous Ab extracts was not observed by Guterrez et al. (2004) and Luiz et al. (2003b) . However, it is not observed genotixicity with methanolic, hexanic and n-butanolic extracts in CHO-k1, and only the aqueous extract in HTC. These results suggest that there is a significant difference in the genotoxicity of Ab extracts in the presence or absence of metabolism, indicating that when component of the extracts are metabolized, the biotransformed compounds produced are not toxic to DNA.
Our results are in contrast with some findings in the literature (Menoli et al. 2001 , Oliveira et al. 2002 , Bellini et al. 2003 , Luiz et al. 2003a , Guterrez et al. 2004 , which could be due to the variation in biochemical composition among Ab strains and due to the higher concentrations and longer times of treatment used in other studies. Differences could also be explained by the fact that testing for antimutagenic activity against specific chemical agents and test systems is not sufficient for arriving at a precise conclusion on the activity type of the substance tested and whether its activity would be the same in different systems (Zeiger 2003) .
All these findings lead us to conclude that investigations of the Sun Mushroom are still in the early stages with regard to its biological activity and its interaction with cell physiology processes.
